NACA TN 3831 J6107

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE 3831

TABULATION OF MASS-FLOW PARAMETERS FOR USE IN DESIGN
OF TURBOMACHINE BLADE ROWS FOR RATIOS OF SPECIFIC
HEATS OF 1.3 AND 1,4
By Warren J. Whitney

Lewis Flight Propulsion Laboratory
Cleveland, Ohio

Washington
October 1956

-
-1
=
- Co

'lf:f'H‘*l‘i;

E529900 N
T

AN ‘aJVN AHvHEar Ho3L

1

. er———



Lo

TECH LIBRARY KAFB, NM

T T A -

‘ L7

|
o
TECHNICAL NOTE 3831

TABULATION OF MASS-FLOW PARAMETERS FOR USE IN DESIGN OF TURBOMACHINE
BLADE ROWS FOR RATIOS OF SPECIFIC HEATS OF 1.3 AND 1.4

By Warren J. Whitney

: SUMMARY

Mass-flow tebles for ratios of specific heats y of 1.3 and 1.4 are
presented for the entire range of critical velocity ratio. The tables
ensble a quick and accurate determination of the integrated average specific
mass flow across & region where the end-point velocitlies are known, commensu-
rate with the assumptions that the total state is constant and the static
pressure varies linearly between the two velocities., A numerical example
18 included to illustrate the use of the tables. All quantities are in
nondimensional form and are taebulsted sgainst critical velocity ratio.

The tables include specific-mass-flow parameter and raetioc of static to
total pressure.

INTRODUCTICHN

In a comprehensive turbine blading design procedure, the blade sur-
face velocities are determined at two or three radial sections by s
method such as that of reference l. The blade surfaces and average
veloclity level are then adjusted until the blade passage satisfies the
design mass-flow-handling requirement, and the blade surface velocity
variations are reasonably close to the prescribed velocity variation.
Thus, it is necessary to determine the integrsted mass flow at various
locations throughout the blade passage. The two assumptions that have
frequently been used in turbine blading design procedure to determine
the integrated mass flow are: (1) The total state of the fluid is con-
stant along a potential line (or channel orthogonal), and (2) the static
pressure varies linearly along the orthogonal between known (or computed)
velocities. In order to facilitate mass-flow integrations commensurate
with these assumptions, tables T and IT were computed.

In addition to the quantity used to obtain average integrated mass-
flow parameter, the point values of mass-flow paremeter and static- to
total-pressure ratio are tabulated against critical veloecity ratio.
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Although the specific-mass-flow parameter could be obtained from reference
2 as the product of the density ratilo and the critical velocity ratio,

the quantities in the referemnce are .tsbulated eagalinst Mach number, and

it would be required to extrapolate in many cases for.a desired critical
velocity retio. - ’

SYMBOLS
B
pl
A lue of integral (____pv >d(£‘>
value of integral - p ) *\pT
P sbsolute static pressure, 1b/sq ft -
p! absolute total pressure,-lb/sq £t

v gas velocity, ft/sec

Vor velocity of sound at Mach number of 1.0, ft/sec

T ratio of specific heats o
o} gas density based on steatic temperature and static pressure, Ib/cu ft
p! gas density based on total tempersture and total pressure, 1b/cu It

CONSTRUCTICN OF TABLES

The density retioc and pressure ratlio were expressed as functions
of the critical velocity ratio as follows: '
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The pressure ratio, density ratio, and specific-mass-flow parameter were
evaluated over a range of critical velocity ratio from O to the maximum
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1
value [given by'(z}%}%a /2> for ¥ of 1.3 and 1.4, The integral A was

determined by & step~by-step trapezoildal integration between successive
V/Vcr values that differed by 0.00l. ZFach elemental area, dA, was com-

bined with the previous total so that the A value represents the cumule-
tive area for any particular critical veloecity ratio.

The variastion of specific-mass-flow parameter with statice- to total-
pressure ratio 1g shown in figure l. Included in the figure for reference
is an suxiliary sbscissa of critical velocity ratio that is necessarily
nonlinear, because a linesr static-pressure variastion was specified.

This figure shows that the average integrated mass flow (commensurate
with the assumptions used herein) between known critical velocity ratios

of epproximstely 0.5 and 0.95 would be the area, bede, divided by the

gbscissa. be. However, the A values represent the cumulative area =

under the curve of pV/b'Vcr as a function of the ratio of static to
total pressure p/b'. Thus, the difference in A values for the two
critical velocity ratios is equal to the area bede. Although the
quantity A can be integrated directly, it was convenient to use a
point-by-point integration, since it was desired to obtain p/@‘ and
pV/p‘Vcr for the various V/Vcr values, Furthermore, for a value of

Y for which 2/(y-1) does not equal a whole number, direct integration
results in a power series, and a large number of terms must be used %o
obtain the desired accursacy.

USE OF TABLES

The tebles can be used for a moving (or rotating) blade row as
well as for a stationary blade row. In the case of a rotating blade row,
the velocity V and the total-state quantities p' and Ver nmust be
evaluated relative to the moving blade row., The following numerical
example is included to illustrate the use of the tables. A sketch of a
typical turbine blade flow cheannel is shown in figuwre 2. It is assuméd
that the velocities have been determined for all the orthogonals at the
two surfaces (e.g., points c¢ and 4, fig. 2) by the stream-filament
method (ref. 1). It i1s desired to obtain the average integrated mass
flow for the various orthogonals. Referring to figure 2, the following
critical velocity ratios are assumed for the orthogonal cd:

Point ¢ (suction surface): V/Ver = 0.996 = -
Point 4 (pressure surfasce): V/Ver = 0.558

The integrated average mass flow is determined from teble I (y = 1l.4) as
follows: -
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Point c ar-
V/Ver 0.996 = | 0.558
A (from teble I) .2332614 | .0577960 -
(p/o')(from table I)| .5312402 | .8298491

The saverage Integrated specific mass flow for the orthogonal cd
is equal to ( Am‘) or 0.5876094. The actual weight flow can then
-A

P/ec-a : B -
be obtained by multiplying by the total-state quantity, p'V,.,.. Thus, the
mess flow per unit depth would be 0.5876094 X (p'V.,.) X cd.

1817
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- MASS~-FLOW PARAMETERS FOR v = 1.4

TABLE I.
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MASS-FLOW PARAMETERS FOR v = 1.4

- Continued.

TABLE I.
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MASS-FLOW PARAMETERS FOR v = 1.4

- Continued.
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MASS-FLOW PARAMETERS FOR v = 1.4
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TABLE I.

., 4187

OVWVR VDAY CORATN HHHIDR MOVOL AN IASAW WANMOWY ;RHAHNDAQ OOV
NOVIMNO DYVITMNN AHAEM TYWOOM VONNMFA MROYHd OWNAdO VOO ONYTVOR QOO O
Q~OM LOAYN OMVAN OWHINW wHIOAW CRAVOMN VOTON WLONMEH YVOTON ~eVOY
MNMNY Y FTOON OOVYN MMDOD OAOAOOO0 OdurH® QMMMY TEFOWNOY OO0 OO0
=] Helrdd Ardddd dArddHdd A el A0 QRGN QRN R RN EeR e
COCOO0 O0O00O0 OOCO0 OCOO0OO0 CO0O00 OOCCO 00000 0O000C 0O0O0O0C 00000
OCO0000 O0O00O0 ODOO0O0 COO00O0 00000 O0QOO 00000 00000 00000 00000
* e s o o e e e e s s s » * e s s e IR ¢ o v e e o s s o o s e e « e 0 s e e e a
o )
NMAQEHEQR OO SO LWVNDHDN MYVOOR VOUHOVH MNYOVONY OGTONMIN FONMNAHO @~ E
QMW IDYMNOW OTVOD MNEN VOGO® VYMANDE OO~ MANNA QOGN OMNEGO
vaodHnm e VOO0 «©@MAMNY YIYEINT TYNMNN dd00N VUYNHO 00N -0 V-0
- ko QUM ANWMR OVWVETN DOVNQ® 0&642 ocwwvmMd oMo ouvwR MONO®
@ WVOWOVWOVY VW TETTET TN MAERANR QA HOOOO OO OOOON MMM Y
A | COOODO DOOOWO OOOOD OOOOO OOOOO COOOED ODOOLO Db MM
RO ARAROR OO OOROG OOORGR OO AR OOROGR OABNAR OAONOG
*« & o+ w = . s ® 3 @ e & e ® o " e 8 . . a e & o *» 8 & e ®» & & e @ * s ®» » . LI I e 2 " e & o 2
(o]
NOAO-O OMVUYT® MMV VHMONM QUMY QANMTOD FOCHNH TRV ONYWVOH ~OWONM
“ oM MNHO® VVYHOY OUVUHVO YWHOMW. FOAOGR QO ONNAY AYOE Moomn
OlVYTHOW QAWM VNOWVM OVNAYW MOVHM MOAHDN MAWMHN MOTOW OVAHNMN ~ROMO
W BoWYT FTNINAR QAN OO AOOON MOOYOVYWY WTTTMN MNMAAREHE HOOOO OONMMYY
h QO AN FTOMOND OOHAM TINYVVYN BAOHN MIWON OOO-HN MNTWOVN VOO0 MY
[N UMW BN VYVVYO VOVVYVOY VONNN MMM D00 DDDOD DLARR OOGOGR G
@ [Hrddd slrdddyY dAddrded Avdded Aol ddd o] el Ad e dH] AHH el rl T Aol
. L] . . . . . - L] . . L] . . . . L] - [ . . . . . L] . - . L] . . » L] L] L] - L] . . . L] . . L[] L] . . .
o
HRMYYN YO0 dQNMTY VMO0 QAT VOO0 QMY VOO0 HENSI V~-0MO
SOV VDY YVYOVYY YVOVWON N MDD DODOO VOO0 AAROOGO OGO O
o Hreldedrl st e delddde] dedded e dAvel ey Aeddd Adle ey A dd del e dle d e e Q
m " s 8 L] LI ) L I . L] . e = . . » L B . L ] . . . * v » . L ] L] LI ) . o 0 . . & 3 e . LI LA ] .
o




NACA TN 3831

MASS-FLOW PARAMETERS FOR v = 1.4

- Contlnued.
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- Continued.
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MASS-FLOW PARAMETERS FOR v = 1.4

- Contlnued.
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